Sehovic, E., Knechtle, B., Rüst, C.A. & Rosemann, T. (2013). 12-hour ultra-marathons -Increasing worldwide participation and dominance of Europeans. J. Hum. Sport Exerc., 8(4), pp.932-953. Ultramarathon running is of increasing popularity. Participation and performance trends in ultra-marathons have been previously investigated for 100 mile runs, multi-stage ultra-marathons, triathlons and ultra-triathlons, but not for 12-hour runs. We examined participation and performance trends in 12-hour runs held all over the world. Gender, nationality and age in runners competing in 12-hour runs worldwide from 1981 to 2010 were investigated. The annual number of participants in 12-hour runs increased significantly over time for athletes originating from Africa, Asia, Europe, North America and Oceania (P < 0.05). Most of the runners participated in races taking place in the USA and also the most runners originated from the USA, which was followed alternately by Germany and France. Top ten European runners achieved the longest running distances with an average of 134.7±1.9 km for women and 155.8±2.5 km for men, facing the top three nations Russia, Germany and Japan with 130.7±2.6 km and 154.1±3.4 km, 131.8±3.5 km and 146.8±4.1km, 132.1±4.3 km and 144.9±1.3 km for the top ten women and men, respectively. To summarize, participation in 12-hour runs increased in the last 30 years. Europe was the continent with the highest annual number of participants and where the most runners came from. European top ten runners achieved the best performances. Future studies about 12-hour runs need to investigate up to what extent participation and performance trends depend on aspects like age, training, anthropometry, nutrition, experience, and weather.
INTRODUCTION
Ultra-marathon running is of increasing popularity (Hoffman, 2010; Hoffman & Wegelin, 2009 ; Knechtle et al., 2011a Knechtle et al., , 2012a Lepers, 2008 Lepers, , 2010 Skenderi et al., 2006) . Participation in endurance sports showed a trend to longer events (Zaryski & Smith, 2005 ; Knechtle et al., 2011a) , and new distances such as ultratriathlons (Knechtle et al., 2011a (Knechtle et al., , 2011b ; Lepers et al., 2011; Sigg et al., 2012) , which equate to a multiple of an Ironman triathlon, have been created to increase the availability for runners who are looking for yet harder challenges.
Since ultra-marathon is an ultra-endurance competition, defined as an endurance performance exceeding six hours in duration (Zaryski & Smith, 2005) , numerous events are fulfilling this definition, classified either in time-or distance-limited ultra-marathons. For running, the most common distance-and time-limitations are 50 km and 100 km or 161 km, and 6 h, 12 h, 24 h, 48 h, and 72 h, respectively (www.ultramarathonrunning.com). These races are held generally outside mainly on loops of less than 10,000 m. In line with this, a 12-hour run is either held on track or field, typically on loops shorter than 5,000 m. For example, the time limited '12-Stunden-Lauf' held in Basel, Switzerland, is run on a circuit of 1,141.86 m (http://ch.srichinmoyraces.org) contrary to the distance-limited '100 km Lauf Biel' held in Biel, Switzerland, (http://www.100km.ch), which is held on a large single loop.
There are several studies about ultra-endurance competition, investigating participation and performance trends for ultra-endurance athletes such as ultra-marathoners (Hoffman & Wegelin, 2009; Hoffman, 2010) , Ironman triathletes (Lepers, 2008) and ultra-triathletes competing in triathlon distances longer than the Ironman distance (Knechtle et al., 2011a (Knechtle et al., , 2011b ). However, no study investigated participation and performance trends in 12-hour ultra-marathoners. More specifically, to date most of the studies investigated a particular running competition (Skenderi et al., 2006) , a competition series (Brannen & Milroy, 2004; Hoffman, 2010; Hoffman et al., 2010; Hoffman & Wegelin, 2009 ), but no study collected and analyzed data of a whole competition series worldwide. Since the 12-hour run is a form of ultra-marathon or an ultraendurance sport event, the series of studies about ultra-endurance competition features a gap.
Previous studies investigating endurance and ultra-endurance competitions showed the common finding of an increase of participants (Hoffman, 2010; Jeffery, 2012; Jokl et al., 2004; Knechtle, 2010 Knechtle, , 2011a ; Lepers et al., 2011 ). An increasing participation was reported for the 'The New York City Marathon' (Jokl et al., 2004 ; Lepers & Cattagni, 2012) , races held over the Double Iron ultra-triathlon distance (Knechtle, 2010) and the Triple Iron ultra-triathlon distance (Jeffery, 2012; Knechtle, 2010 Knechtle, , 2011a ) and for 161-km ultramarathons held in the USA (Hoffman, 2010) . Additionally, the latter study showed that the increase in participation amongst others was caused by a growth in participation among women from virtually none in the late 1970s to nearly 20% since 2004. Similar was reported for marathons, in particular, participation of master runners increased to a greater extent for women compared to men (Lepers & Cattagni, 2012) . However, to avoid false conclusions when comparing 12-hour runs with ultra-endurance events like multiple-day 'pedestrian'races in the USA, it has to be considered that these races in the USA date back to the 1800s (Brannen & Milroy, 2004; Hoffman & Wegelin, 2009; Milroy, 2004; Noakes, 2003) , whereas the first 12-hour run took place at a much later date in Brühl (GER) in 1981 (www.12-stunden-lauf.de). In this comparison the 12-hour run appears relatively young and therefore it could be possible that it has not established in full extent yet. For this reason a comparison to younger sport events might be indicated like the Double Iron ultra-triathlon (Knechtle et al., 2011a) Concerning participation in distance running events such as marathon Burfoot (2007) found that since the early 1980s, it has advanced with hundreds of marathons worldwide. In view of the fact that the increasing popularity exhibits a worldwide character, it puts us in position to compare performance trends according nationality. To date, literature about predestining factors of specific ethnic groups exists. Larsen (2003) found Kenyan dominance in distance running. Scott et al. (2003) examined elite Ethiopian endurance runners and showed an advantage of demographic characteristics. Lucia et al. (2006) examined physiological characteristics of the best Eritrean runners and found exceptional running economy. Summing up, for distance running in general East African runners were dominating.
For the present study we focused on findings regarding Triple Iron ultra-triathlon (Jeffery, 2012) and Double Iron ultra-triathlon (Rüst et al., 2012; Sigg et al., 2012) , showing a dominance of European athletes in both participation and performance. The purpose of the present study was to amend the series of studies regarding ultra-endurance events. Therefore we examined participation and performance trends in 12-hour runs all around the world since the inception in 1981 until 2010. The aims of the present study were (i) to investigate participation trends in 12-hour runs, (ii) where these runs are held and which nationalities are represented, (iii) the performance referring to nationality, and (iv) the difference of participation among women and men. Due to existing literature regarding marathons, ultra-marathons, triathlons and ultratriathlons, we hypothesized (i) an increase in the number of participants and 12-hour runs, (ii) most of the races would be organized in Europe and coherent to this most participants would come from Europe. Further, we hypothesized that (iii) European runners would show off the best performances and (iv) a stable participation of women.
MATERIAL AND METHODS
All runners who ever participated in a 12-hour run worldwide between 1981 and 2010 were analyzed regarding participation trends in genders and nationality, and the association between sex and nationality with performance. The data set from this study was obtained from http://statistik.d-u-v.org/. This study was approved by the Institutional Review Board of St. Gallen, Switzerland, with waiver of the requirement for informed consent given that the study involved the analysis of publicly available data.
Data analysis
In total data were available from 14'641 runners, including 3'149 women, 11'490 men and two without information about sex. These two runners were excluded from analysis. Additionally, 45 men and 18 women had to be excluded because no information about the year of participation was given. From 329 women and 870 men no information about age was given and thus these runners were excluded from analyses concerning aspects of age. The remaining 13,377 runners were all included in the further analyzes. First of all, countries where races took place and their locations around the world were determined. Then, the number of participants of races per continent as well as per origin continent of the runners was analyzed first in total and additionally the development over time. The travelling manner of runners, who participated in races taking place outside their origin continent, was investigated. Participation in races taking place in countries, that could welcome at least 100 women and men each, was determined. These countries were the United States of America (USA), France (FRA), Germany (GER), Russia (RUS), Austria (AUT), Switzerland (SUI), Canada (CAN), Australia (AUS), Hungary (HUN) and Republic of South Africa (RSA). The same analysis was performed for nations wherefrom at least 100 women and men each originated. These countries were the United States of America (USA), Germany (GER), France (FRA), Russia (RUS), Austria (AUT), Canada (CAN), Hungary (HUN), Republic of South Africa (RSA) and Japan (JPN). To investigate performance regarding geographical origin we determined and analyzed the overall top ten women and men per continent as well as per country.
Statistical analysis
In order to increase the reliability of data analyses, each set of data was tested for normal distribution as well as for homogeneity of variances in advance of statistical analyses. Normal distribution was tested using a D'Agostino and Pearson omnibus normality test and homogeneity of variances was tested using a Levene's test in case of two groups and with a Bartlett's test in case of more than two groups. To find significant changes in the development of a variable across years, linear regression was used. Statistical analyses were performed with IBM SPSS Statistics (Version 19, IBM SPSS, Chicago, IL, USA) and GraphPad Prism (Version 5, GraphPad Software, La Jolla, CA, USA). Significance was accepted at P < 0.05 (two-sided for t-tests). Data in the text are given as mean ± standard deviation (SD).
RESULTS
In total complete data were available from 13,377 runners, whereof 10,607 were men and 2,770 women.
Number of races and participation
The 12-hour runners originated from 57 countries all over the world. They participated in 198 different races which were carried out in 35 different countries on all 6 continents. The number of countries in which at least one 12-hour run was organized increased over the study period is shown in Table 2 . In the first ten years almost all races took place in Europe, compared to North America, where the first races have been arranged in the early 90's. According to the increased number of races the development of the annual number of women and men, participating in a 12-hour run, also increased. Concretely, with the sole exception of South America all continents (Figure 1 ) (r2=0.42-0.72; P < 0.01) and all origin continents (Figure 2 ) (r2=0.28-0.72; P < 0.01) showed a significant increase in the annual number of participants between 1981 and 2010. In races taking place in South America (Figure 1 ), the number of women (r2=0.05; P=0.253) and men (r2=0.05; P=0.249) did not increase.
Analogue to participation concerning continent all countries, except of Switzerland, showed a significant increase. Concretely, countries which provided (Figure 3 ; r2=0.28-0.76; P < 0.01) and in which at least 100 women and men each participated (Figure 4 ; r2=0.25-0.73; P < 0.01) showed a significant increase in the annual number of participants for both genders. The USA provided most of the runners with 20.3±45.3 women and 50.1±101.6 men, respectively ( Figure 3) . The USA has also the largest number of participants, namely 23.3±51.9 women and 59.3±123.3 men (Figure 4 ). Concerning the number of participants the USA are directly followed by Germany with 16.2±44.5 women and 53±158.5 men, and France with 9.3±10.2 women and 45.6±47.1 men, respectively. Germany and France provided 11.2±11.8 women and 50.2±48.2 men, and 12.1±2.86 women and 46±12.75 men, respectively.
W o m e n 1 9 8 1 1 9 8 3 1 9 8 5 1 9 8 7 1 9 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 2 0 0 3 2 0 0 5 2 0 0 7 2 0 Most of the races took place in Europe, with a total of 372 races and 9,668 participants, followed by North America with 121 races and 2,832 participants, respectively (Table 2) . Accordingly, Europe had the highest participation ( Figure 1 ) and origin ( Figure 2 ) rate with 65.8±98.6 women and 279.5±371.4 men, and with 64.4±94.9 women and 277.7±367.6 men, respectively. Europe was followed by North America with a participation rate of 28.3±58.7 women and 72.9±136.9 men, and the rate of 28.4±59.8 for women and 70.7±132.4 for men as origin continent, respectively. In general, native runners represented the largest part of participants ( Figure 5 ). Regarding the origin or the travelling manners of runners, respectively, the largest number of runners who travelled to another continent to participate in a race, came from South America and Asia, namely 98 and 68 runners, respectively. In contrast to that the smallest number, namely 4, came from Africa. The continent that welcomed the largest relative part of participants from another continent was Asia followed by North America, with 4.1% and 3.7%, respectively.
Performance in dependency of geographical origin
The longest running distances were achieved by top ten European runners with 134.7±1.9 km for women and 155.8±2.5 km for men, followed by top ten Asian runners with 132.1±4.3 km for women and 144.9±1.3 km for men, and top ten North American athletes with 127.0±6.9 km for women and 141.7±8.3 km for men ( Figure 7 ). Regarding the country of origin of runners, the top three women and men came from Germany, Japan and Russia ( Figure 8 ). Only the sequence of the women and men ranking differed. Japanese women were on pole position with 132.1±4.3 km and on the other hand Russian men, who pulled more distinctly with 154.1±3.4 km. German women came second place with 131.8±3.5 km being followed by Russia with 130.7±2.6 km. The male second and third position was represented by Germany and Japan with 146.8±4.1 km and 144.9±1.3 km, respectively.
Correlation between income, population and participation
Population increased significantly for all countries in the comparison of the year 1981 to 2010 except of Hungary and Russia (Table 1) . Participation increased significantly for all countries. Income per person increased significantly for all countries but Russia, whereof no data was available for 1981. The correlation between participants and population, and participants and income per person, respectively, was significant for all countries but Russia, whereof no analysis was possible.
Differences in participation between women and men
The number of participants regarding continent ( Figure 6 ) in descending order was 8,951 for Europe followed by 2,621 for North America, 593 for Australia, 484 for Asia, 405 for Africa and at last 50 for South America. Regarding gender, the percentages were almost identical in both cases, i.e. as race continent and as origin continent of participants, with the sole exception of South America, and in either case to the benefit of men. The overall (13,104) average percentage of women (2,744) and men (10, 360) , who participated in 12-hour runs from the inception in 1981 to 2010 were ∼21% and ∼79%, respectively. 
DISCUSSION
The aim of this study was to investigate participation and performance trends in 12-hour ultra-runs regarding gender and nationality. We hypothesized (i) an increase in both the annual number of races and the annual number of runners, (ii) most races would be held in Europe and the largest participation would be among Europeans, (iii) Europeans would also show off the best performance, and (iv) the increase in participation among women and men would be of similar extent.
Participation in 12-hour runs increased over time
A main finding was that the annual number of women and men showed a significant increase on all continents and for all origin continents, with the sole exception of races taking place in South America, where the number of runners of both genders showed no increase. Analogue to this, all countries that could welcome or provide at least 100 women and men each, showed a significant increase except of male participants in Switzerland.
Since the 12-hour run is a form of ultra-marathon, which is generally of increasing popularity (Hoffman, 2010 This seems apparently like a contradiction from the abovementioned trend but it's explained rather by a limitation in the number of entries than a lack of interest in participating in these events (Knechtle et al., 2010) , what might be the explanation for the absence of a significant increase for men in 12-hour runs in Switzerland, too. Additionally, in Switzerland there was a high initial number of participants, in consequence the validity of its development is restricted. Unlike Switzerland, the reason for the absence of a significant increase in South America, given that the initial participation was low, must be of different cast. We assume that financial and social factors influence the organization and participation and therefore cause the moderate increase in 12-hour runs in South America.
For the investigation of the correlation between demographic characteristics and the increase in participation, we compared the development of the numbers of participants, population and income per person of countries, which provided and in which at least 100 women and men each participated. We found that the growth of the population was not in the least comparable to the growth of participation in 12-hour runs (see Table 1 ), e.g. Hungary, where the population even decreased while the participation increased. However, there might be a correlation to the income per person, which increased at least by a factor of 2, which was the case in South Africa. The higher income could provide access to a certain lifestyle, which implies more attention to personal needs e.g. avocations. For example, studies about motivation in masters' sport (Hodge et al., 2008 ; Ruiz-Juan & Zarauz, 2012) found that it was predominantly intrinsic. We must assume that there are several aspects, amongst others income per person and cultural background influencing participation in 12-hour runs.
Europeans represented the majority of the participants
Most of the 12-hour races were organized in Europe; accordingly it featured the highest annual number of participants and also represented the most frequent origin of participants. Our findings are underpinned on the one hand by a study about ultra-triathlons ( As already mentioned, we must assume that participation in an ultra-marathon correlates to social and financial aspects. With this in mind the relatively affluent Europe and North America (http://data.worldbank.org) with their individualistic mindset are predestinated for high participation rates. Similar conclusions were drawn in connection with Double Iron ultra-triathlons (Sigg et al., 2012), in particular, that the rising number of participants especially from Europe and the USA might be due to the good financial situation and socioeconomic status of these continents.
To find out more about the origin of participants, the study was conducted on national level, too. Countries, in which at least 100 women and men each participated, were in descending order the USA, France, Germany, Russia, Austria, Switzerland, Canada, Australia, Hungary and Republic of South Africa. Analogue, the countries that provided at least 100 women and men each, were in descending order the USA, Germany, France, Russia, Austria, Canada, Hungary, Republic of South Africa and Japan. The countries, which stand out in both categories, were the USA, France and Germany. Since the 12-hour run was initiated and primarily held in Germany, it's self-evident that it plays a leadership role with influence on the neighboring countries, particularly Switzerland, France and Austria, which have similar socioeconomic background. In addition to the benefiting socioeconomic aspect for Central Europe there is at least one other, e.g. climate (Cheuvront & Haymes, 2001; Trapasso & Cooper, 1989 ), as it is described in the study of Sigg et al. (2012) countries in Central Europe showed moderate temperatures and a more equal number of sunlight hours across the seasons, so Central Europe may be the leading region for ideal training conditions. Focusing on participation on national level, the USA represented the country with the most runners. Also, the USA provided the most runners, who participated in races outside their native country. This is explainable on the one hand by the relative high population of the USA and on the other hand, as above mentioned, by the fact that ultra-endurance sport events are very popular in the USA (Burfoot, 2007 ; Ho man & Wegelin, 2009). Therefore it's not surprising that the 12-hour run, which is also ranked among ultra-marathon events, is gaining popularity.
Europeans dominated in 12-hour runs
Regarding continent of origin of runners competing in 12-hour runs, Europeans achieved the longest running distances. Asia was in the second position, followed by North America. To define the ranking more precisely we referred the running distance also to country of origin. The female ranking was led by Japan, followed by Germany and Russia. The top three male countries were the same but the sequence was different, i.e. Russia, Germany and Japan.
Present literature about performance in endurance runs in dependency of geographical origin, for example Larsen ( Naturally the training and preparation are important but more important is to do it properly as it was reported for Long distance triathlon (Laursen, 2011) , some of these race strategies include appropriate training, pacing, nutrition and acclimating to the heat. Further aspects, e.g. percent body fat and duration VOLUME Broadly speaking the number of female participants increased in endurance sport events, but is still distinctly lower than the number of male participants, while the percentages vary. In comparison to the mentioned numbers women in the 12-hour runs accounted for 22% over the period 2001-2010 and therefore integrate well in this arrangement of ultra endurance events. To visualize the increase here are some more figures, in 1981 there was only one participant, which was a female, in 2010 there were 3084, of whom 733 were women (∼24%). The participation percentages during the last years regarding gender match most closely to those in 161-km ultra-marathons, what might be due to the similar physical stress level, since both are ultra-marathon events and consist only of one discipline, that is to say running.
Strength, limitations and implications for further studies
A strength is the large data set. However, some smaller races might not have been considered to be included in the records. In the present study we used information according nationality and gender. In addition to this the age and name of the runners should also be implicated to find the age group with the highest participation rate and the participation rate of each individual. Furthermore, given that the present study focused on performance in dependency only of geographical origin, prospective studies should investigate performance trends dependent on age and in this context also aspects which have an influence on performance, like training ( 
CONCLUSIONS
To summarize, participation in 12-hour runs increased between 1981 and 2010. Europe was the continent with the most participants as well as the most frequent origin continent of participants. Also, European runners dominated in 12-hour runs. The USA, France and Germany were the countries with the most participants and whereof most participants originated. Participation among women and men increased similarly, so the proportion showed no distinct trend. Future studies need to consider more aspects concerning performance and relating to this differences between women and men.
